Neuroticism is a stable and heritable personality trait that is strongly linked to depression. Yet, little is known about its association with late life depression, as well as how neuroticism eventuates into depression. This study used data from the Wisconsin Longitudinal Study (WLS; N ϭ 4,877) to examine the direct and indirect effects of neuroticism on late life depression at 3 points in the life course-ages 53, 64, and 71-via stressful life events (i.e., independent and dependent) and social supports measured across adulthood and into later life. Neuroticism was assayed using multiple methods, including self-report measures (phenotypic model) and a polygenic score (polygenic model) informed by a meta-analytic genome-wide association study. Results indicated that the phenotypic model of neuroticism and late life depression was partially mediated via dependent stressful life events experienced after the age of 53 and by age 64 social support. This association was replicated in the polygenic model of neuroticism, providing key evidence that the findings are robust. No indirect effects emerged with respect to age 53 social support, age 71 social support, adult dependent stressful life events (experienced between age 19 and 52), and adult and late life independent stressful life events in either the phenotypic or polygenic models as they pertained to late life depression. Results are consistent with previous findings that individuals with high neuroticism may be vulnerable to late life depression through psychosocial risk factors that are, in part, attributable to their own personality.
2006; Kotov, Gamez, Schmidt, & Watson, 2010 ), yet little is known about its links to late life depression (Cheng, 2018) . Late life depression is associated with increased mortality rate related to cardio-and cerebro-vascular diseases and suicide (Dines, Hu, & Sajatovic, 2014) , impaired cognitive functioning (Butters et al., 2004) , and increased risk of dementia (Diniz, Butters, Albert, Dew, & Reynolds, 2013) . Furthermore, older individuals (age 65 and older) are the fastest growing segment of our population and projected to constitute nearly one quarter of the total population in the United States by 2060 (Colby, 2014) . Depression among this age group is expected to rise in relative proportion (Dines et al., 2014) . It is paramount to develop a better understanding about how neuroticism predicts depression in later life, as this knowledge may lead to improved and/or novel interventions for a vulnerable and growing population.
Relatively little is known about the causal pathways that link neuroticism and mental health outcomes more generally (Ferguson, 2013; Iacovino, Bogdan, & Oltmanns, 2016) , in part due to the challenges of measuring neuroticism simultaneously with mental health outcomes (Lahey, 2009; Ormel, Rosmalen, & Farmer, 2004) . For instance, measures of personality tend overlap in content with measures of depression and other mental health outcomes, thus inflating estimates of their association (Spijker, de Graaf, Oldehinkel, Nolen, & Ormel, 2007) . Even when overlapping items are removed, individuals who are high on neuroticism still tend to self-report more symptoms of unfounded illness and somatic symptoms (Rosmalen, Neeleman, Gans, & de Jonge, 2007) . To address possible measurement confounds in association studies of neuroticism and depression, the current investigation supplements traditional assays of neuroticism (i.e., self-report) with an unbiased and genetically informed characterization of neuroticism.
Genes play an important role in the underpinnings of neuroticism, accounting for between 30 and 60% of its variance (Boomsma et al., 2018; Vukasović & Bratko, 2015) . Recently, a large number of common single nucleotide polymorphisms (SNPs) have been discovered through genome-wide association studies (GWAS) of neuroticism (de Moor et al., 2015; Luciano et al., 2018; Nagel et al., 2017; Okbay et al., 2016) . Because a focus on genome-wide significant SNPs still leaves a substantial portion of the overall genetic variation in neuroticism uncharacterized, researchers are increasingly using polygenic scoring methods to account for the polygenicity of complex traits (Plomin, Haworth, & Davis, 2009 ). Conventionally, polygenic scores (PS) can be derived by taking an ensemble of associated genetic variants in a discovery GWAS sample and computing a weighted linear composite of these variants in a separate target sample (The International Schizophrenia Consortium, 2009 ). The advantage of this approach is that SNP weights are derived independently from the target study sample and eliminate any possibility of shared method confounds. Thus, PS for neuroticism can be used to validate associations between traditionally measured neuroticism (i.e., using self-report scales) and mental health outcomes. Studies using PS for neuroticism have rapidly emerged in recent years, with scores demonstrating significant associations with major depressive disorder (Gale et al., 2016; Lehto, Karlsson, Lundholm, & Pedersen, 2019; de Moor et al., 2015) . Twin study findings have also shown robust genetic correlations between neuroticism and depression (Fanous et al., 2002; Kendler et al., 2006) , providing collective evidence that a large portion of the genetic variation for neuroticism and depression may be shared.
Multidimensional characterizations of neuroticism may help to elucidate the mechanisms by which neuroticism eventuates into late life depression. For instance, individuals with high levels of neuroticism are more prone to seeing the world as threatening, problematic, and distressing (Pagano et al., 2004) . Thus, one theory is that they may be more likely to generate stressful life events (SLEs; Hammen, 1991; Kendler, Gardner, & Prescott, 2005; Van Os, Park, & Jones, 2001 ), which in turn predicts depression in later life (Kendler & Gardner, 2016; Kendler, Karkowski, & Prescott, 1999) . This association may be especially salient with respect to dependent SLEs, which are partly or entirely attributable to the person's own behavior (e.g., being fired from a job), rather than independent SLEs which may be the result of factors not directly attributable to the person's own behavior (e.g., losing a job due to the company closing; Iacovino et al., 2016) . Still, it remains unclear whether there are indirect effects of neuroticism on depression through SLEs (dependent or otherwise), as the few studies that have tested this association yielded conflicting results (Kercher, Rapee, & Schniering, 2009; Ormel, Oldehinkel, & Brilman, 2001 ). SLEs may be important constituents in causal models for late life depression, but well-powered longitudinal studies that extend into later adulthood are needed to provide a stronger test of this hypothesis.
Another plausible pathway between neuroticism and depression in later life is through the lack of perceived social support (Finch & Graziano, 2001; Kendler et al., 2006; Lahey, 2009) . Poor social support is a well-established correlate of depression (Rueger, Malecki, Pyun, Aycock, & Coyle, 2016) , including of late life depression (Schwarzbach, Luppa, Forstmeier, König, & RiedelHeller, 2014) . However, a number of these studies examined social support in relation to depression independent of personality factors, even though individual differences in neuroticism may predict one's initiation and maintenance of social supports (Lahey, 2009) . One study found a significant indirect effect of neuroticism on adult depressive symptoms via poor social support, including lower levels of satisfaction and more frequent negative social interactions (Finch & Graziano, 2001 ). However, this association was modeled cross-sectionally using a college-aged population. Lara and colleagues (1997) also detected an indirect association between neuroticism and course of late life depression via social support in a small sample of depressed adults, providing evidence that high neuroticism may dispose certain individuals toward poor or disrupted social relationships that may in turn, increase risk for later depression. However, more research is needed to determine whether these effects are also present in larger samples where depression has been mapped out into late adulthood.
The current investigation used prospective longitudinal data from the Wisconsin Longitudinal Study (WLS) to examine associations between neuroticism, SLEs and social support, and late life depression over a nearly 20-year span. This study combines traditional phenotypic measures (i.e., self-report) with individuallevel genetic information (i.e., PS), with the goal of uncovering environmental mechanisms by which neuroticism eventuates into late life depression. We hypothesized that dependent SLEs and social support (but not independent SLEs) will mediate the association between neuroticism and late life depression symptoms. Importantly, we also aimed to validate our findings by examining This document is copyrighted by the American Psychological Association or one of its allied publishers.
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the associations between self-report and PSs for neuroticism on depression in each of our models.
Method

Participants and Procedures
This study uses data from WLS, a long-term study of a random sample (N ϭ 10,317) of all men and women (52% and 48%, respectively) born between 1938 and 1940 who graduated from Wisconsin (United States) high schools in 1957. Participants were followed up in 1964 , 1975 , 1992 , and 2011 (Herd, Carr, & Roan, 2014 
Measures
Depression symptoms. Depression symptoms were measured using the Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 1977) administered at the 1992, 2004 and 2011 assessments. The CES-D is a 20-item self-report screener for major depressive disorder, which asks respondents to rate how often over the past week they experienced symptoms associated with depression (e.g., depressed mood, feelings of guilt and worthlessness, loss of appetite, etc.). Respondents were originally asked to rate these items based on the number of days in the past week they experienced each symptom (i.e., 0 to 7). These items were recoded on a four-point Likert scale per Radloff (1977) , where 0 ϭ "rarely or none of the time," 1 ϭ "some or little of the time," 2 ϭ "moderately or much of the time," and 3 ϭ "most or almost all of the time." A composite score at each assessment was used in the current analyses, with scores ranging from 0 to 60 (higher scores indicate greater depression symptoms).
Neuroticism. Neuroticism was measured from five items using the Big Five Inventory (John, Donahue, & Kentle, 1991) administered at the 1992, 2004 and 2011 assessments. Respondents were asked to rate "to what extent do you agree that you see yourself as someone who (a) can be tense, (b) is emotionally stable and not easily upset, (c) worries a lot, (d) remains calm in tense situations, and (e) gets nervous easily?" All items were rated on a 6-point Likert scale, where 1 ϭ "agree strongly," 3 ϭ "agree slightly," and 6 ϭ "disagree strongly." Items 1, 3, and 5 were reverse coded so that higher scores indicate higher neuroticism. A composite score of neuroticism at each assessment was used in the current analyses, with scores ranging from 0 to 30 (higher scores indicate higher neuroticism).
Social support. Social support was assessed during the 1992, 2004, and 2011 assessments. We used five items to assess the quality and amount of social support experienced by the participant at each time point: (a) "is there a person in your family with whom you can really share your very private feelings and concerns?" (b) "is there a friend outside your family with whom you can really share your very private feelings and concerns?" (c) "if you had a personal problem, and you wanted to talk to someone about it, could you ask friends, neighbors, or co-workers for help or advice?" (d) "how much do friends and relatives, other than your spouse or your children, make you feel loved and cared for?" and (e) "how much are friends and relatives, other than your spouse or your children, willing to listen to you when you need to talk about your worries or problems?" These items were selected because they were asked at each time point. Respondents were asked yes/no to items 1-3, whereas items 4 -5 were queried on a Likert scale, where ϭ "not at all," 2 ϭ "a little," 3 ϭ "some," 4 ϭ "quite a bit," and 5 ϭ "a lot." To maintain consistency of scale, items 4 -5 were dichotomized such that scores of 4 or higher were scored "1" and 3 and lower were scored "0." Thus, composite scores for social support at each assessment were used in the current analysis, with scores ranging from 0 to 5 (higher scores indicate higher social support).
Stressful life events (SLEs). SLEs were assessed retrospectively at the 2011 assessment. A total of 15 items were queried about the respondent's lifetime exposure to dependent and independent events. Dependent SLEs were comprised of exposure to three events, including financial problems, legal difficulties, and imprisonment. Independent SLEs were comprised of 12 items, including items related to the experience of childhood maltreatment (i.e., physical and sexual abuse), death of a loved one, experience of a natural disaster, caring for a child, and caring for an aging parent. For each item, respondents were first asked if they ever experienced the event (yes/no). If they responded affirmatively to the event, they were then asked, "how old were you the last time [the event occurred]?" Thus, based on the most recent occurrence of SLEs, we created four composite variables representing (a) the developmental period in which the SLE was last experienced (i.e., adult SLEs ϭ age 18 -52 vs. late life SLEs ϭ age 53 and later) and (b) the type of SLE experienced (i.e., dependent vs. independent). A childhood independent SLEs composite was also created, which includes physical and sexual abuse and other SLEs experienced prior to the age of 18.
DNA Collection and Genotyping and Quality Control
Saliva samples were collected from study participants using Oragene DNA collection kits by mail in 2007/2008 and from home interviews during the 2011 assessment (Herd et al., 2014) . Saliva samples were genotyped at the Center for Inherited Disease Research at Johns Hopkins University Center. Genotyping was performed using the Illumina HumanOmniExpress array. A total of 713,014 SNPs were genotyped. Sample quality control filters were applied based on the following criteria: (a) samples of questionable This document is copyrighted by the American Psychological Association or one of its allied publishers.
identity (12 samples), (b) irreconcilable discrepancies either between annotated and genetic sex or relatedness (12 samples), and (c) presence of chromosomal abnormalities associated with errorprone genotypes and whole samples with an overall missing call rate Ͼ2% (31 samples). SNPs were filtered if the minor allele frequency was less than .01 or if they were deemed "noninformative," defined as either a technical failure, redundant positional duplicate, or monomorphism in the sample (2.3% of all SNPs). SNPs were also pruned for linkage disequilibrium (LD; R 2 Ͻ.01 in a sliding 10 Mb window). Applying these filters resulted in a total of 16,185 SNPs removed from the original 713,014 SNPs that were genotyped. Genotype data were then imputed to a reference of European ancestry from the Haplotype Reference Consortium. SNPs with a minor allele frequency less than .01 or imputation quality score less than .8 were removed after the imputation. After quality control, a total of 7,251,583 autosomal SNPs remained in our analysis.
Polygenic Scores for Neuroticism
A meta-analytic GWAS of neuroticism was previously conducted by the Social Science Genetic Association Consortium, which included data from the Genetics of Personality Consortium (n ϭ 63,661 across 29 cohorts) and data from the U.K. Biobank (n ϭ 107,245), yielding a pooled sample of N ϭ 170,911 in the GWAS meta-analysis. For the Genetics of Personality Consortium data, neuroticism was measured from a combination of the NEO Personality Inventory, Eysenck Personality Questionnaire, and International Personality Item Pool Inventory. Genetics of Personality Consortium neuroticism data were harmonized using Item Response Theory. For U.K. Biobank data, neuroticism was measured using a 12-item version of the Eysenck Personality Inventory Neuroticism scale. The meta-analytic GWAS of neuroticism was conducted on a single, composite variable for neuroticism on the pooled sample of N ϭ 170,911 by Okbay and colleagues (2016) .
Next, we computed PS for neuroticism on our sample by specifying a GWAS p value threshold of .05. Due to the presence of LD, we pruned SNPs as part of the calculation (LD-clumping with a R 2 threshold of 0.1 and a distance threshold of 250 kb). We included all SNPs from the GWAS that met the p value and LD thresholds (31,040 SNPs), summed the number of risk alleles at each of these SNPs (i.e., 0, 1, or 2) and multiplied them by their GWAS effect size. As expected, the zero-order correlation between the PS for neuroticism and the factor score of neuroticism was significant, r ϭ .110, p Ͻ .001, explaining 1.2% of its variance.
Data Reduction
Neuroticism was measured across three assessments (in 1992, 2004, and 2011) in WLS. Because neuroticism is a stable personality trait, especially among older adults (Anusic & Schimmack, 2016; Steunenberg, Twisk, Beekman, Deeg, & Kerkhof, 2005) , we considered the multiple points of data on each individual's level of neuroticism across adulthood as individual factor loadings for a single latent factor representing neuroticism. Indeed, the bivariate correlations of neuroticism across the three assessments were robust (r ϭ .54-.69) and the single-factor confirmatory factor analysis not only demonstrated strong fit to the data (RMSEA ϭ 0, CFI ϭ 1, TLI ϭ 1), but also very high standardized factor loadings for each measure of neuroticism (factor loadings ranged from .70 to .86). Thus, we derived factor scores for neuroticism to more precisely characterize each person's level of neuroticism after accounting for 18 years of data. This variable served as our predictor in the "phenotypic model" (see Data Analysis section below for more details).
With respect to depression symptoms, only a few studies have examined its stability of in late life and those studies have produced mixed results. One study found that depression symptoms were stable from ages 55 to 85 (Beekman et al., 2002) , a separate study of adults aged 70 and older showed a slight increase in symptoms over time (Hong, Hasche, & Bowland, 2009) , and yet another study of adults aged 65 and older found a slight decrease in depression over time (Yang, 2007) . Given the lack of consensus with regard to the form factor of depression trajectories in older adults, we conducted a latent growth curve analysis (LGCA) across three waves of depression data, specifying a 1) interceptonly factor model and a 2) intercept and slope factor model. In the intercept and slope factor model, factor loadings were fixed to represent each unit increase in time [that is, 1992 (T1) ¡ 2004 (T2) ¡ 2011 (T3)]. Model selection was determined per expert recommendations (Collins & Lanza, 2013) . Fit indices for the intercept only model (Bayesian information criterion (BIC) ϭ 88880.12, RMSEA ϭ .08, CFI ϭ .90, TLI ϭ .92) were superior to the intercept and slope model (BIC ϭ 88,887.17, RMSEA ϭ .18, CFI ϭ .88, TLI ϭ .63). Furthermore, the variance of the slope factor in the intercept and slope model was not significant (b ϭ Ϫ.87, SE ϭ 1.15, p ϭ .45) indicating no significant variability in the change in depression symptoms from T1 to T3. Due to the invariance of the slope factor and the superior of fit for the intercept only model, an intercept factor score of depression symptoms was used in our subsequent models. The zero-order correlation between the PS for neuroticism and the factor score for depression was significant, r ϭ .074, p Ͻ .001, explaining 0.5% of its variance.
Data Analysis
We conducted serial multiple mediator models to investigate the indirect and direct effects of predictor (i.e., neuroticism) on the outcome (i.e., LGCA factor scores from Step 1 for depression symptoms) while also modeling a process in which the predictor predicts M 1 (i.e., T1 social support, SLEs), which in turn predicts M 2 (i.e., T2 social support, SLEs), and so forth, concluding with the outcome variable as the final consequent. Classical tests of mediation (Baron & Kenny, 1986) require that a series of conditions must be met (i.e., predictor correlated with the outcome, predictor correlated with mediator, and mediator correlated with outcome controlling for predictor). One key update to classical mediation is that the condition of the predictor being correlated with the outcome need not occur for mediation (Preacher & Hayes, 2008) . The association of the predictor and the outcome may reflect a "stage sequence" effect whereby the predictor may lead to a change in the mediator first, which then subsequently changes the outcome (Collins, Graham, & Flaherty, 1998) . Three major conceptual models were tested, which differed by the hypothesized indirect effect pathways. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Model 1 examined the direct and indirect effects of neuroticism on late life depression symptoms through the effects of social support measured at T1 (1992), T2 (2004) , and T3 (2011), while controlling for adult and late life SLEs (including both dependent and independent forms), childhood SLEs, as well as demographic variables (see Covariates below). Because neuroticism was measured based on self-report, we called this the "phenotypic model" of neuroticism. We then conducted a parallel analytic model that examined the direct and indirect effects of a PS for neuroticism instead of the factor score of neuroticism. This model served to provide a more unbiased approach for estimating direct and indirect effects relative to the phenotypic model. This model was referred to as the "polygenic model" of neuroticism.
Model 2 examined the direct and indirect effects of the phenotypic model of neuroticism on late life depression symptoms through the effects of adult and late life dependent SLEs, while controlling for adult and late life independent SLEs, childhood SLEs, social support at T1-T3, and demographic variables. Once again, we tested a parallel analytic model in the polygenic model of neuroticism that examined the direct and indirect effects of a PS for neuroticism instead of the factor score of neuroticism (i.e., the polygenic model).
Model 3 examined the direct and indirect effects of neuroticism on late life depression symptoms through the effects of adult and late life independent SLEs, while controlling for adult and late life dependent SLEs, childhood SLEs, social support at T1-T3, and demographic variables (i.e., the phenotypic model). We then examined the direct and indirect effects of a PS for neuroticism instead of the factor score of neuroticism in the polygenic model.
Covariates
For the phenotypic models, we controlled for sex (1 ϭ male, 2 ϭ female), highest level of education (0 -21 scale representing years of education completed), current marital status (0 ϭ never married, separated, divorced or widowed, and 1 ϭ married), and childhood SLEs (dependent and independent SLEs experienced before age 18, including exposure to physical and sexual abuse) in each of the regression pathways in Models 1-3 (e.g., predictor to T1 mediator, T1 mediator to T2 mediator, and T2 mediator to outcome). We covaried sex given the presence of sex differences in the prevalence of depression and expression of neuroticism (Kendler et al., 2006; Kendler, Kuhn, & Prescott, 2004) . Level of education and marital status were covaried given their associations with late life depression (Miech & Shanahan, 2000) . We controlled for childhood SLEs (including maltreatment) given evidence that childhood trauma and maltreatment may be causally associated with adult neuroticism (Allen & Lauterbach, 2007) . For the phenotypic models (i.e., PSs of neuroticism), we additionally accounted for the possibility of population stratification in WLS by controlling for the top 10 principal components of the covariance matrix of WLS genotypic data, as population stratification may severely bias estimates of effect size.
Results
Preliminary Analyses
Demographic characteristics of the sample are presented in Table 1 . Table 2 shows the bivariate correlations among the study variables. Correlations between adult independent and dependent SLEs were significant, r ϭ .16, p Ͻ .01, as were correlations between late life independent and dependent SLEs, r ϭ .19, p Ͻ .01. Similarly, correlations between T1-T3 social support were robust (r's ϭ .35-.45, p's Ͻ .01). As expected, depression was positively correlated with dependent and independent SLEs (except for late life independent SLEs), negatively correlated with social support, and positively correlated with neuroticism. Finally, neuroticism was not significantly correlated with dependent or independent SLEs but was negatively correlated with social support.
Model 1: Neuroticism ¡ Social Support ¡ Depression 1
First, we examined the direct and indirect effects of phenotypic model of neuroticism on late life depression symptoms through the effects of social support measured at T1, T2, and T3 (see Table 3 ). Figure 1a provides the results of each regression path in this model. First, without accounting for the effects of social support, neuroticism was significantly associated with depression (␤ ϭ .460, p Ͻ .001; i.e., total effects model). After accounting for the mediators (i.e., direct effects model), the relationship between neuroticism and depression was relatively weaker but still significant (␤ ϭ .436, p Ͻ .001). The 95% CI for the specific indirect effect of neuroticism on depression through the serial effects T1 and T2 social support, and through the effect of T2 social support alone, were above zero (95% CIs [.003, .007] and [.013, .026], respectively). There was no evidence of an indirect effect of neuroticism on depression through the effects of social support at T3.
Next, we examined the direct and indirect effects of the polygenic model of neuroticism on late life depression through the effects of social support measured at T1, T2 and T3 (see Table 3 ). Results from this model were in line with the phenotypic model of neuroticism (Figure 1b) . Without accounting for the effects of social support, the PS for neuroticism was significantly associated with depression (␤ ϭ .050, p ϭ .007; total effects model). After accounting for the effects of social support, the association between the PS for neuroticism and depression was relatively weaker but still significant (␤ ϭ .041, p ϭ .022; direct effects model). Only the 95% CI for the specific indirect effect of the PS for neuroticism on depression through the effects T2 social support was above zero (95% CI [.001, .015]), which is consistent with findings from the phenotypic model of neuroticism. 1 We also tested a simple mediation model with temporally separated variables, i.e., T1 neuroticism ¡ T2 social support ¡ T3 depression symptoms. Results of this model replicated the serial mediation model reported herein. Results are available upon request. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Model 2: Neuroticism ¡ Dependent SLEs ¡ Depression
Next, we examined the direct and indirect effects of the phenotypic model of neuroticism on late life depression symptoms through the effects of dependent SLEs experienced during adulthood (age 19 -52) and late life (after age 53; Table 3 and Figure  2a ). Without accounting for the effects of dependent SLEs, neuroticism was significantly associated with depression (␤ ϭ .438, p Ͻ .001; total effects model). After accounting for the effects of dependent SLEs, the association between neuroticism and depression was relatively weaker but still significant (␤ ϭ .436, p Ͻ .001; direct effects model). Only the 95% CI for the specific indirect effect of neuroticism on depression through the effects of late life dependent SLEs was significant (95% CI [.001, .007]). There was no evidence of an indirect effect of neuroticism on depression through the effects of adult dependent SLEs.
We then examined the direct and indirect effects of the polygenic model of neuroticism on depression through the effects of dependent SLEs (see Table 3 ). Results of the polygenic model largely replicated results from the phenotypic model (Figure 2b ). Without accounting for dependent SLEs, the PS for neuroticism was significantly associated with depression (␤ ϭ .044, p ϭ .015). After accounting for the effects of dependent SLEs, the association between the PS for neuroticism and depression was relatively weaker but still significant (␤ ϭ .041, p ϭ .022). Only the 95% CI for the specific indirect effect of the PS for neuroticism on depression through the effects of late life dependent SLEs was significant (95% CI [.001, .007]). Once again, there was no evidence of an indirect effect of the PS for neuroticism on depression through the effects of adult dependent SLEs.
Model 3: Neuroticism ¡ Independent SLEs ¡ Depression
Finally, we examined the direct and indirect effects of the phenotypic model of neuroticism on late life depression symptoms through the effects of independent SLEs experienced during adulthood (age 19 -52) and late life (after age 53; Table 3 and Figure  3a) . Without accounting for independent SLEs, neuroticism was This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
significantly associated with depression (␤ ϭ .436, p Ͻ .001).
After accounting for the effects of independent SLEs, there was no change in the association between neuroticism and depression (␤ ϭ .436, p Ͻ .001). Thus, as hypothesized there was no evidence of any indirect effects of neuroticism on depression through the effects of either adult independent SLEs or late life independent SLEs. We then examined the direct and indirect effects of the polygenic model of neuroticism on depression through the effects of independent SLEs experienced during adulthood and late life (Table 3 and Figure 3b ). Without accounting for independent SLEs, the PS for neuroticism was significantly associated with depression (␤ ϭ .041, p ϭ .023). After accounting for independent SLEs, there was no difference in the association between the PS for neuroticism and depression (␤ ϭ .041, p ϭ .022). As hypothesized, there was no evidence of indirect effects of the PS for neuroticism on depression through the effects of either adult or late life independent SLEs.
Discussion
This study examined associations between neuroticism, SLEs, social support, and late life depression over a nearly 20-year span using longitudinal data from WLS. To address concerns about potential rater bias in the measurement of neuroticism and depression, we assayed neuroticism using both self-reports and PS for neuroticism. As expected, we found significant main effects of self-reported neuroticism on late life depression. However, the association between self-reported neuroticism and depression was partially mediated through the effects of T1 and T2 social support (when participants were a mean age of 53 and 64, respectively) and late life dependent SLEs (SLEs experienced after the age of 53). There were no specific indirect effects of self-reported neuroticism on depression through the effects of T3 social support (mean age 71), adult dependent SLEs (SLEs experienced between age 19 and 52), and adult and late life independent SLEs. Crucially, these associations were almost entirely replicated in our polygenic models of neuroticism.
Neuroticism was negatively associated with social support, which in turn was negatively associated with late life depression symptoms. This replicates findings from previous studies, albeit in smaller samples (Finch & Graziano, 2001; Lara et al., 1997) . Notably, we found an indirect effect of neuroticism on depression through the effects of social support at T1 and T2 (mean age 53 and 64). The latter time point aligns with the average age of retirement in the United States, and although we did not explicitly examine the role of retirement status as it pertained to neuroticism and late life depression, previous studies have found that individuals with fewer social-relational resources are more likely to have increased risk of depression and poorer psychological well-being during their transition into retirement (Kim & Moen, 2001 . Personality factors have also been shown to play a crucial role in adapting to retirement (Löckenhoff, Terracciano, & Costa, 2009) . Taken together, our findings suggest that individuals high on neuroticism may be especially more prone to late life depression as a result of having fewer social supports during this major life transition (Chen & Feeley, 2014) . One important note is that perceived social support may differ from received social support (e.g., number of friends and family members who provide support in times of need). Individuals high on neuroticism have been shown to overestimate negative conflict and underestimate positive support (Shurgot & Knight, 2005) . Although we found no association between neuroticism and social support at T3 in either of our models, future studies should attempt to substantiate measures of social support by using multiple informants and/or measures. Note. SLEs ϭ stressful life events. Bolded font represents statistically significant indirect pathways.
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Next, we found that the association between neuroticism and late life depression was partially mediated by late life dependent SLEs (experienced after age 53). Consistent with our hypothesis, we found no evidence of an indirect effect of neuroticism on late life depression through the effects of independent SLEs. This supports the theory that individuals with high neuroticism may be more likely to generate SLEs that are (in part) attributable to the individual (Hammen, 1991; Kendler, Prescott, Myers, & Neale, 2003; Van Os et al., 2001 ), which in turn, predicts greater depression symptoms later on. Importantly, these findings generalize to an older adult population in WLS. One interpretation is that financial problems may be particularly salient for late life depression because they are among the most robust risk factors for suicide and depression in later life (Conwell, Duberstein, & Caine, 2002) , and high levels of neuroticism are robustly associated with worse socioeconomic outcomes (Chapman, Fiscella, Kawachi, & Duberstein, 2010) . Although other aspects of dependent SLEs were not assessed in the current study (e.g., relationship difficulties), our data support the notion that individuals with high neuroticism may be more prone to late life depression via the effects of dependent (but not independent) SLEs.
Crucially, we replicated each of our mediation models when we tested the direct and indirect effects of PS for neuroticism on late depression as well. Convergence of the phenotypic and polygenic models of neuroticism provides key evidence that pathways between neuroticism and late life depression may be partially mediated by social support and dependent SLEs, independent from potential methodological confounds when measuring neuroticism and depression (Lahey, 2009; Ormel et al., 2004) . Two important issues with regard to these findings are worth noting.
First, the effect of PS for neuroticism on depression was significantly weaker (in both total and direct effects models) relative to parallel associations in the phenotypic model. On the one hand, the relatively larger effects of the phenotypic models for neuroticism on depression may be somewhat exaggerated due to methodological confounds, such as rater bias. These associations, where participant self-reports on Trait A are meant to predict self-reported Trait B, are especially vulnerable to Type I error. In addition to having adequate power in a study sample, replicating these associations with different measurement methods provides an additional check on Type I error. On the other hand, the relatively smaller (but still significant) effects of the polygenic model for neuroticism on depression may be attenuated because polygenic effect sizes are directly linked to the size of the GWAS discovery sample, which are continually growing (Wood et al., 2014) . Traits with only moderate heritability may potentially require even larger samples relative to model traits (e.g., human height) to achieve comparable gains in terms of variance explained. Ongoing efforts by the Social Science Genetic Association Consortium ensure that polygenic effect sizes relevant to psychiatric phenotypes should continue to climb as more data are being collected. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Second, although candidate gene-environment interactions have been well studied in depression (Lesch, 2004; Risch et al., 2009) , few studies have focused on gene-environment correlations. Geneenvironment correlations confound interpretations of geneenvironment interactions and play an important causal role in mental illnesses (Knafo & Jaffee, 2013) . Polygenic influences for neuroticism are complex and likely operate through environmental influences as well as directly on the specific disorders themselves (Li et al., 2017) . Future genetically informed studies of depression should focus on elucidating the pathways (including biological) from genes to behavior, as these studies may help to uncover mechanisms that may be amenable to intervention.
Our findings should be interpreted in light of some limitations. First, WLS was almost entirely comprised of individuals of European ancestry, reflecting the demographics of Wisconsin in 1957. Results need to be replicated across racial-ethnic groups, particularly given recent evidence of population differences in the polygenic basis of depression in European and East Asian populations (Bigdeli et al., 2017) . Second, only data from 1992, 2004 and 2011 were used in the current study. None of the study variables were assessed in the WLS surveys conducted prior to 1992, precluding our ability to examine the development of depression across the life span. Third, predictors should temporally precede downstream variables in a serial mediation model but some of the assessments of neuroticism were measured after when the SLEs and social support were measured. We viewed each neuroticism assessment as factor loadings on to a single latent dimension of neuroticism, providing more precise estimates for each individual. Fourth, we detected only a marginal attenuation of the association between neuroticism and depression after accounting for the mediators. This likely reflects the multitude of potential risk pathways leading to late life depression that were not tested in the current study. We note that even though effect sizes we detected were small, the concordance of findings across completely divergent methodologies (i.e., polygenic scores vs. self-reports) provides confidence that the findings are robust and replicable. Finally, this investigation did not assess other internalizing problems that are known to covary with depression. More complex phenotypic models that account of the shared genetic underpinnings of co-occurring phenotypes are needed in future studies of late life depression.
The current study is innovative for incorporating prospective longitudinal data spanning nearly 20 years in the late adult life course with individual level genome-wide information to validate two key psychosocial mechanisms between neuroticism and late This document is copyrighted by the American Psychological Association or one of its allied publishers.
life depression. Incorporating genetic information may be especially useful as a method to validate hypotheses, an important endeavor given the high rates of failure to replicate in psychology (Maxwell, Lau, & Howard, 2015) . We look forward to other methods to validate association studies of complex behavioral constructs, especially as publicly available genotypic and phenotypic databases grow [for example, database of Genotypes and Phenotypes (dbGaP)].
